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INTRODUCTION 


Atmospheric  gases  are  major  contributors  to  the  degradation  of  high  energy 
laser  (HEL)  beams  and  are  significant  contributors  to  the  degradation  of 
electro-optical  (EO)  systems.  To  compare  test  results  with  model  predictions 
for  such  Army  and  Department  of  Defense  systems,  an  accurate  characterization 
of  the  atmosphere  during  the  testing  is  required;  in  particular,  a  measure  is 
needed  of  the  concentrations  of  *he  contributing  gas  species  comprising  the 
atmosphere.  When  one  is  concerned  with  situations  in  which  unknown  gases  may 
be  contributing  to  the  absorption  of  the  radiation,  rapid  identification  of 
the  gases  and  determination  of  their  concentrations  require  use  of  techniques 
involving  a  tunable  spectral  source,  such  as  a  Fourier  transform  spectrometer 
(FTS)  or  a  diode  1ase>“.  Spectrophone  systems  are  not  well  suited  for  use  with 
the  above  spectral  sources  because  they  are  low  power  sources  and  hence 
degrade  the  spectrophone's  sensitivity.  One  of  the  most  sensitive  means  of 
determining  the  gas  species  and  concentrations  is  the  use  of  tunable  sources 
to  scan  absorption  lines  characteristic  of  the  various  gases.  The  energy 
propagates  through  a  long  optical  path  in  a  test  environment  such  as  the  long 
folded  optical  path  produced  by  the  White-type  optics1  of  a  multipath 
absorption  cell  opened  to  the  environment.  There  is,  therefore,  a  need  to 
investigate  what  the  limits  are  on  open  air  multipaths  used  in  such 
measurements. 

At  the  Atmospheric  Sciences  Laboratory  (ASL),  White-type  absorption  cells  have 
been  used  substantially  and  their  operation  has  also  been  improved. 2~s  Two 
factors  have  been  found  to  severely  limit  the  maximum  usable  pathlengths.  One 
is  system  vibration  caused  by  ground  movement,  for  example,  from  the  proximity 
to  vehicular  traffic  or  winds  which  can  cause  the  mirror  mounts  to  sway.  This 
effect  can  be  minimized  if  the  mirrors  are  mounted  relatively  close  to  the 
ground  (1/2-  to  1-m  elevation  at  most).  A  second  and  more  pronounced  effect 
is  that  of  temperature  gradients  along  the  path  or  equivalently,  in  the  open 


‘John  U.  White,  1942,  "Lonq  Optical  Paths  of  Larqe  Aperture,"  J  Opt  Soc  Am, 
32:285 

‘Kenneth  0.  White  et  al ,  1978,  "Water  Vapor  Continuum  Absorption  in  the  3.5  - 
4.0  vm  Regions,"  Appl  Opt,  17:2711 

‘Wendell  R.  Watkins  et  al ,  1979,  "Pressure  Dependence  of  the  Water  Vapor 
Continuum  Absorption  in  the  3.5  -  4.0  »m  Region,"  Appl  Opt,  18:11494 

"Wendell  R.  Watkins  et  al ,  1979,  "Water  Vapor  Absorption  Coefficients  at  HF 
Laser  Wavelengths  (2.64  ■  2.93  urn),"  Appl  Opt,  18:1582 

’Wendell  R.  Watkins,  1976,  "Path  Differencing:  An  Improvement  to  Multipass 
Absorption  Cell  Measurements,"  Appl  Opt,  15:16 

’Wendell  R.  Watkins  and  Richard  G.  Dixon,  1979,  "Automation  of  Long-Path 
Absorption  Cell  Measurements,"  Rev  Sci  Instrum,  50:86 
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air  multipath,  atmospheric  turbulence.  As  a  result,  the  effect  of  turbulence 
on  an  open  air  multipath  has  been  investigated  by  using  White  optics  to 
determine  the  feasibility  of  using  such  optics  in  a  quasi-point  gas  sampler 
capacity. 

EXPERIMENTAL  APPROACH 

A  set  of  20-m  White  optics  from  an  old  longpath  absorption  cell  greatly 
facilitated  the  investigation.  The  set  of  three  spherically  concave  mirrors 
could  easily  be  mounted  ^completely  open  to  the  laboratory  environment)  in  the 
end  sections  of  the  oid  absorption  cell.  As  a  first  crude  assessment  of  how 
well  the  absorption  ce1!  optics  would  work  in  an  open  air  environment,  an 
He-Ne  laser  source  was  used  with  the  White  optics  to  produce  a  multipath 
more  than  1  km  (25-spot  mu! f- path).  A  pathlength  of  1  km  is  a  reasonao  <• 
estimate  of  the  absorbing  oath  required  to  measure  the  species  an 
concentrati  ons  of  absorbing  gases  which  can  significantly  affect 
propagation  of  HEL  and  EG  systems.  Details  of  how  the  multi  paths  are  obtaioec 
with  White-type  optics  are  give"  elsewhere.5*6  Under  room  air  turbulence 
degradation  of  +:he  output  oeam  was  comparable  in  terms  of  beam  expansion, 
jitter,  and  wander  to  tr?  oeora dation  experienced  in  a  sealed  'evacuablc 
absorofon  ce’  1 .  Th,;s  was  indeed  satisfying;  for  if  a  long  path1  one G*  ecu1' 
not  he  estab’ished  in  <v  encased  room  with  low  turbulence  ’eve  ,  then  it 
would  he  ■’mpossibln  tc  use  the  wh’te  optics  in  a  field  environment. 

Initially  the  p'ar  was  to  deve’op  and  implement  a  scheme  in  the  laboratory  to 
meagre  beam  degradation  and  turbulence  level  produced  by  an  artific’a1 
turhu’nnce  source  and  then  ta*e  toe  White  optics  outdoors  and  investigate  the 
effects  of  open  air  turbu’ence  on  the  multipath  beam.  For  these  tests  a 
v'sib1e  Hp-Ne  las^r  was  used  even  though  most  of  the  source  wavelengths  of 
interest  are  *h->  near  infrared.  The  wavelength  dependence  of  the  turbulent, 

beam  spread  is  s'  qht,  The  results  of  the  laboratory  calibration 

measurements  wer**  ejeh  that  only  measurements  of  field  turbulence  levels  were 
mquired  to  determine  the  effects  on  the  multipath  beam.  Hence,  the  White 
optics  did  not  nave  to  he  taken  to  a  field  site. 

’’he  general  setup  for  making  measurements  in  the  laboratory  is  shown  in  figure 
1.  A  15-mW  Spectra-Phys’cs  124B  He-Ne  laser  was  used  as  the  source.  The 
He-Ne  beam  was  directed  by  using  two  flat  mirrors  so  as  to  just  miss  the  edge 
of  the  White  optics’  mirror  M2  and  be  centered  on  mirror  Ml.  Filters  to 
adjust  the  intensity  of  the  beam  as  well  as  apertures  to  eliminate  unwanted 


Wendell  R.  Watkins,  1976,  "Path  Differencing:  An  Improvement  to  Multipass 
Absorption  Cell  Measurements,"  Appl  Opt,  15:16 

"Wendell  ?.  Watkins  and  Richard  G.  Dixon,  1979,  "Automation  of  Long-Path 
Absorption  Cell  Measurements,"  Rev  Sci  Instnmi,  50:86 

;D.  L.  Fried,  1966,  "Limiting  Resolution  Looking  Down  Through  the  Atmosphere," 
J  Opt  Soc  Am,  56:1380 
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iyure  1 


POWER 

METER 


Experimental  setup  for  measuring  effects  of  optical  turbulence  on 
an  open  air  multipath.  An  He-Ne  laser  was  used  and  with  20-m 
White-type  multipath  cell  mirrors  Ml,  M2,  and  M3.  The  ‘e-Ne  inpu*-' 
beam  was  tailored  by  using  a  filter,  aperture,  and  flat  mirrors.  A 
camera  and  power  meter  were  used  to  monitor  the  He-Ne  output 
beam.  Artificial  turbulence  could  be  introduced  and  muni  cored  in 
the  multipath  ;>eam. 
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secondary  beams  were  inserted  in  the  beam  before  it  entered  the  White 
optics.  The  three  mirrors  which  comprise  the  White  optics  are  spherically 
concave  with  radius  of  curvature  and  separation  distance  of  20  m.  Mirror  Ml 
directs  the  beam  to  a  position  close  to  the  edge  of  mirror  M2.  Mirror  M2  then 
directs  the  beam  to  the  center  of  mirror  M3.  Finally,  M3  either  directs  the 
beam  back  to  M2  or  off  the  edge  of  M2  to  form  the  output  beam  of  the 
multipath.  By  rotating  M3  about  the  axis  normal  to  figure  1,  the  pathlength 
can  be  changed.  The  intensity  of  the  output  beam  can  then  be  monitored  or 
photographed  to  determine  beam  degradation  caused  by  turbulence.  -igure  1 
shows  a  top  view  of  this  Hp-'Je  beam  configuration  throughout  whirh  the  beam  ip 
approximately  1/2  m  above  the  laboratory  floor. 

Several  sets  of  measurements  were  performed.  First,  the  beam  size  wa 
monitored  through  f'me  exposure  photographs  with  ambient  room  tu rbu !•••':: e  -s 
function  of  time  of  day.  \ext,  an  artificial  heat  source  was  moved  a’onn  -• 
multipath  to  determine  the  general  effects  of  high  turoulence  ’ev^’_ 
most  pronounced  effect  occurred  near  mirrors  Ml  and  M3.  A  van' ac  was  used  to 
change  the  power  level,  and  the  maximum  pathlength  ( i .  e . ,  no  beam  c’mp  me,, 
corresponding  to  a  beam  ■  6  im  in  diameter)  was  determined  for  severe' 
turbulence  levels.  Concurrently  for  a  fixed  level  of  turbulence,  a  5  oercent. 
on  the  variac,  the  output  beam  size  of  a  fixed  160-m  multipath  for  a  const an" 
output  intensity  was  measured  as  a  function  of  the  position  a*  the  turbo’s net 
source  between  mirror  M2  and  mirrors  Ml  and  M3.  Finally,  the  turbulent' 
levels  ’ n  tne  laboratory,  as  well  as  outside  under  cloudy  and  clear  condition? 
as  a  function  of  height  above  the  ground,  were  measured. 

Measurements 

The  measurement  o*  the  change  in  output  beam  size  as  a  function  of  variations 
m  the  room  air  turbulence  throughout  the  day  required  a  substantial  amount  of 
initial  setup.  TSr  He-Me  laser  beam  had  to  be  adjusted  oy  using  mirrors  to 
enter  the  White  optical  system.  The  three  20-m  White-type  mirrors  were 
rectangular  (which  does  rot  give  the  optimum  configuration).  The  mirrors  were 
adjusted  to  give  a  multipath  output  for  which  the  pathlength  could  be  changed 
by  rotating  only  mirror  M3  as  is  described  in  detail  el sewhere.  - '•  A 

Tektronix  C - 1 2  oscilloscope  camera  with  the  lenses  removed  was  used  to 
onotograph  the  output  beam.  A  narrow  bandpass  He-Ne  filter  was  used  to 

eliminate  background  light.  Several  tests  were  performed  to  determine  an 
appropriate  time  exposure  (5  s)  and  beam  intensity  which  could  be  adjusted  by 
inserting  filters  into  the  beam  before  the  beam  entered  the  White  optics. 

Several  problems  were  encountered  in  the  system  setup.  To  obtain  a  clear 

single-image  output  beam,  the  filters  had  to  be  tilted  to  diverge  secondary 
beam-  away  from  the  primary;  and  apertures  were  inserted  to  remove  ghost 


’Wendell  R.  Watkins,  1976,  "Path  Differencing:  An  Improvement  to  Multipass 
Absorption  Cell  Measurements,"  Appl  Opt,  15:16 

rWendell  R.  Watkins  and  Richard  G.  Dixon,  1979,  "Automation  of  Long-Path 
Absorption  Cell  Measurements,"  Rev  Sci  Instrum,  50:86 
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images  before  the  becm  entered  the  White  optics.  Tissue  paper  was  inserted 
into  the  beam  to  obtain  a  diffuse  speckle  pattern  for  a  ce'l  output  to 
precisely  align  the  camera  and  filtering  system. 

This  setup  was  used  in  photographing  the  output  beam  as  a  function  of  time  of 
day.  The  beam  size  did  not  noticeably  change  throughout  the  day  or  from  day 
to  day,  indicating  that  room  air  turbulence  had  little  effect  on  the  system. 
This  finding  was  later  verified  by  measuring  the  turbulence  level  in  the 

O 

laboratory  along  the  beam  and  throughout  the  day  with  a  Cy  probe  described 

below.  The  Moratory  turbulence  was  indeed  low  and  stable,  changing  little 
throughout  the  day  or  along  the  White  optics  multipath  as  long  as  the 
laboratory  doors  were  closed  and  activity  in  the  room  was  kept  to  a  , minimum. 
After  the  technique  for  monitoring  the  change  in  size  of  the  output  beam  had 
been  developed,  the  effects  of  artificially  induced  turbulence  were 
investigated.  A  125-W  heat  lamp  was  mounted  in  an  insulated  box.  0.4  m  on  a 
side.  This  arrangement  produced  a  hot  chimney  which  could  be  placed  under  the 
multipath  anywhere  between  the  mirrors  of  the  White-type  optical  system.  A 
variac  was  used  to  vary  the  artificial  turbulence  levels.  The  most  pronounced 
effect  of  the  artificial  turbulence  was  seen  when  the  source  was  situated 
under  the  multipath  near  the  two-mirror-end  of  the  White  optics.  To  see  how 
much  effect  the  artificial  turbulence  had,  the  box  was  centered  1.44  m  from 
the  two  mirrors  and  the  variac  setting  was  changed.  The  maximum  usable 
pathlength  was  determined  for  each  variac  setting  used.  The  turbulence 

correspond!' ng  to  the  various  variac  settings  was  then  measured  with  a 

2 

calibrated  Cy  probe  (figure  2,  obtained  from  Donald  L.  Walters  of  the  AST). 

Basically  the  probe  consists  of  two  3-W,  120-V  light  bulb  filaments  mounted  20 
cm  apart  on  a  rigid  stand  plus  the  associated  electronics  for  obtaining  an 
integrated  dc  output  voltage  which  corresponds  to  a  measure  of  Cy  between  the 

probes.  Complete  details  of  the  operation  of  the  probes  are  given 

elsewhere."  The  amount  of  turbulence  present  can  easily  be  obtained  from 

the  values  of  CT  or  the  output  voltage.  A  calibration  plot  is  g^ven  in  figure 

'S  1 


After  the  maximum  pathlength  was  measured  for  a  fixed  location  of  the 
turbulence  and  for  magnitude  of  the  artificial  turbulence  source,  the  beam 
spread  was  measured  for  a  fixed  pathlength  160  m,  for  fixed  turbulence  level 
(45  percent  on  the  variac),  and  for  varying  source  positions  along  the 
multipath.  Because  this  method  of  measurement  required  the  comparison  of 


"Kenneth  Kunkel  et  al ,  i '79,  "Atmospheric  Conditions  at  the  High  Energy  Laser 
System  Test  Facility  (HE.STF),  White  Sands  Missile  Range  (WSMR).  New  Mexico, 
August  1977  to  October  1178,  Part  I:  Optical  Turbulence,  Wind,  Temperature, 
Net  Radiation,  and  Synoptic  Weather  Conditions,"  ASL-DR-79-07 04,  US  Army 
Atmospheric  Sciences  Laboratory,  White  Sands  Missile  Range,  NM 
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photographs  to  determine  beam  size,  additional  optics  and  instrumentation  were 
needed.  Two  polarizing  plates  were  used  in  the  output  beam  to  adjust  the  beam 
intensity.  A  power  meter  could  be  inserted  into  the  beam  to  monitor  the  power 
level.  For  each  position  of  the  artificial  turbulence  source,  the  polarizers 
were  rotated  to  obtain  a  constant  He-Ne  power  output  for  each  measurement. 

Finally,  the  turbulence  probe  was  taken  outside  to  measure  typical  turbulence 
levels  during  a  hot  sunmer  day.  The  probe  was  used  at  1/2-  end  1-m  elevations 
and  for  clear  and  cloudy  conditions. 

Measurement  Results 

It  was  mentioned  earlier  that  the  White  optics  used  were  not  the  best 
design.  The  mirrors  were  rectangular,  which  is  especially  bad  tor  mirror  M2 
(figure  1).  The  usual  technique  of  getting  the  input  and  output  beams  past 
mirror  M2  is  to  notch  both  sides  of  the  upper  half  of  the  mirror,  thus 
allowing  the  bottom  row  of  images  to  start  directly  below  the  edge  of  the 
input  notch.5  Use  of  a  rectangular  mirror  for  M2  required  the  first,  image 
spot  on  M2  to  be  positioned  closer  to  the  middle  of  the  mirror  than  with  a 
notched  mirror.  This  positioning  causes  the  maximum  obtainable  pathlengths  to 
be  substantially  reduced  because  the  problem  of  clipping  on  mirror  edges  is 
enhanced.  Thus  some  qualitative  judgment  had  to  be  used  in  assessing  what 
defined  the  maximum  usable  pathlength. 

Clipping  of  the  output  beam  was  noted  when  the  output  beam  diameter  was 
increased  due  to  the  artificial  turbulence  by  a  little  more  than  50  oercent 
over  the  room  air  turbulence  diameter.  The  maximum  usable  pathlength  was 
defined  as  the  longest,  pathlength  for  which  beam  clipping  did  not  occur.  With 
the  artificial  turbulence  source  centered  1.44  m  from  mirrors  Ml  and  M3  and 
variac  settings  of  15,  30,  45,  60,  75,  and  90  percent,  the  maximum  usable 
pathlength  was  determined.  The  results  of  these  measurements  are  shown  in 

figure  4,  The  Cy  probe  was  then  used  to  determine  the  turbulence  level  for 

the  variac  settings.  The  output  voltage  of  the  Cy  probe  was  found  to  be  quite 

linear  with  variac  sett;ng  (figure  5),  having  a  0.137-V  offset  corresponding 

to  C^j  for  room  air  turbulence  of  3.7  x  10"^  Note  that  the  input  beam 

was  4  mm  in  diameter  and  spherically  diverged  to  about  2.0  cm  over  the  20  m 
between  M2  and  mirrors  Ml  and  M3.  Mirrors  Ml  and  M3  focused  the  beam  to  4  mm 
under  room  air  turbulence. 

The  next  step  in  assessing  how  turbulence  affects  the  multipath  formed  by  the 
open  air  White  optics  wag  to  fix  the  pathlength  at  160  m  (or  eigt  traversals 
between  the  mirrors),  tix  the  artificial  turbulence  level  at  45  percent  or  a 

value  of  Cj*  of  3.5  x  10“^  m"^,  and  vary  the  location  of  :'-.e  turbulence 


5Wendell  R.  Watkins,  1976,  "Path  Differencing:  An  Improvement  to  Multipass 
Absorption  Cell  Measurements,"  Appl  Opt,  15:16 
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Figure  4 


rigure  5 


%  OF  LAMP  HEAT 

Maximum  Dathlength  as  a  runction  of  increased  artificial  turbulence 
at  the  two-mi rror-end  of  tne  multipath. 


Linearity  of  turbulence  level  in  the  multipath  in  terms  of  probe 
output  voltage  with  respect  to  artificial  source  turbulence  in 
terms  of  variac  power  setting. 


sourfce  along  the  multipath  to  determine  the  functional  deiendence  of 
turbulence  location  or,  amount  of  beam  spread.  As  described  earlier,  this  step 
was  accomplished  by  comparing  5-s  exoosure  photographs  of  the  He  -Ne  beam.  A 
pair  of  polarizers  placed  in  the  output  beam;  and  for  each  turbulence 
location,  the  polarizets  were  rotated  to  give  a  total  cell  output  sower  of  0.4 
mW.  Photographs  were  then  taken  with  the  power  meter  removed,  and  the  beam 
dianeter  was  measured  o y  averaging  the  width  and  height  of  the  central  maximum 
of  the  beam  since  rhe  beam  was  slightly  irregular  i.i  shape  on  the 
photographs.  The  average  of  three  data  runs  for  ten  path  locations  for  the 
turbulence  source  is  shown  as  circles  in  figure  6  with  the  soiin  curve 
representing  an  eyeball  fit  to  the  data.  The  figure  shows  substantially  more 
beam  spreading  as  the  turbulence  is  moved  closer  to  the  double  mirror  end  of 
the  multipath.  Some  of  this  spreading  dependence  can  be  accounted  for  by  the 
fact  that  the  beam  is  spherically  diverging  between  mirror  M2  and  mirrors  Ml 
<nd  M3. 

The  final  measurement  was  to  determine  turbulence  levels  in  the  reel 
atmosphere.  Measurements  had  already  been  made  for  high  summer  turbulence 
levels  at  5-rn  and  32-m  elevations  as  shown  in  figure  7.  At  midday 

the  d  turbulence  level  reaches  10“*^  m“ for  22  m  and  10"^  m"^/3  for  5_m 
N 

elevation.  further  .measurements  were  needed  for  this  study  since  the  White 
optics  can  be  situated  between  only  1/2  and  1  m  above  the  ground  without 

2 

causing  serious  vibrations  problems.  Consequently,  the  Cy  temperature  probe 

was  taken  outdoors  to  obtain  values  corresponding  to  midday  turbulence  levels 
for  clear  and  cloudy  conditions  at  1/2-  and  1-m  e’evations.  The  measurement 
results  are  shown  in  cable  1. 

An  attempt  was  made  to  calculate  the  maximum  usable  pathlength  as  a  function 
of  turbulence  leve's,  but  this  approach  presented  some  very  serious 
theoretical  problems,  and  it  became  clear  that  to  obtain  solutions  to  these 
problems  (if  possible)  was  completely  beyond  the  scope  of  this  work  effort. 
Therefore,  no  theoretical  discussion  will  be  given.  In  the  conclusions  which 
follow,  insight  gained  during  the  attempt  at  analytical  understanding  is 
l ncluded. 
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Functional  dependence  of  the  effects  of  output  beam  spread  in  terms 
of  beam  diameter  >'>d  location  of  artificial  turbulence  source  a'ong 
the  160-ra  multipath  as  measured  from  the  single-mirror-end. 


20  JUNE  1970  CLOUDS  PARTLY  CLOUDY 


of  5  m  (triangles)  and  32  m  (squares).  Data  obtained  from  Glenn  B. 
Hoidale  et  al,  "Micro-Meteorological  Measurements  for 
Electro-Optical  Propagation  Tests  at  White  Sands  Missile  Range," 
Proceedings  of  the  Opt  teal -Submillimeter  Atmospheric  Propagation 
- 1.  1,  6-9  December  Wf.  - 


TABLE  1.  TYPICAL  OUTDOOR  TURBULENCE  LEVELS  MEASURED  AT  WSMR 


Sky  Conditions 

Elevation  (m) 

Average  (m"2/3) 

Clear 

1/2 

1.3  x  1(T12 

Clear 

1 

7.3  x  1(T13 

Cloudy 

1/2 

1.3  x  10"13 

Cloudy 

1 

5.7  x  10'14 

CONCLUSIONS 

The  present  investigation  has  provided  much  insight  into  the  peculiarities  of 
the  White  optics  multipath.  From  the  data  shown  one  can  see  that  real-world 
atmospheric  turbulence  levels  are  comparable  to  those  levels  artificially 
induced  in  the  laboratory.  Usable  pathlengths  will  thus  be  less  than  500  m 
under  clear  sky  conditions;  hence,  such  a  system  would  not  be  particularly 
useful.  Although  White-type  optics  cannot  simply  be  taken  to  a  field  site  and 
used  with  an  FTS  or  diode  laser  to  measure  gas  concentrations  and  species, 
they  can  be  employed  under  enclosed  experimental  conditions  such  as  a  large 
building.  For  the  first  time,  the  weighting  function  of  turbulence  on  beam 
spread  as  a  function  of  position  between  the  end  mirror  has  been  measured 
(figure  6).  Sufficient  experimental  data  could  not  be  obtained  within  the 
alloted  time  frame  to  feasibly  define  the  functional  dependencies;  however, 
enough  definition  was  obtained  to  establish  that,  without  shielding  the  two- 
inirror-end  of  the  multipath,  the  nominal  open  air  turbulence  level  so  severely 
degrades  the  maximum  usable  pathlength  that  the  measurement  scheme  will  not 
work.  Fortunately,  the  measurements  also  lead  to  a  possible  solution  to  the 
problem  because  the  effects  of  shielding  the  two-mirror-end  of  the  multipath 
could  be  assessed  without  extensive  field  measurements.  Shielding  the  last  3 
m  of  the  20-m  optical  system  used  appears  to  be  sufficient  to  allow  a 
kilometer  usable  multipath  to  be  established  even  during  the  high  midday 
turbulence  on  clear  summer  days  at  White  Sands  Missile  Range. 


17 


REFERENCES 


1.  White,  John  U. ,  1942,  "Long  Optical  Paths  of  Large  Aperture,"  J  Opt  Soc 

Am,  32:285.  - - 

2.  White,  Kenneth  0.,  et  al ,  1978,  "Water  Vapor  Continuum  Absorption  in  the 
3. 5-4.0  ;.m  Region,”  Appl  Opt,  17:2711. 

3.  Watkins,  Wendell  R.,  et  al ,  1979,  "Pressure  Dependence  of  the  Water  Vapor 
Continuum  Absorption  in  the  3.5  -  4.0  urn  Region,"  Appl  Opt,  18:1149. 

4.  Watkins,  Wendell  R.,  et  al ,  1979,  "Water  Vapor  Absorption  Coefficients  at 

HF  Laser  Wavelengths  (2.64  -  2.93  m),"  Appl  Opt,  18:1582. 

5.  Watkins,  Wendell  R.,  1976,  "Path  Differencing:  An  Imorovement  to 

Multipass  Absorption  Cell  Measurements,"  Appl  Opt,  15:16. 

6.  Watkins,  Wendell  R.,  and  Richard  G.  Dixon,  1979,  "Automation  of  Long-path 
Absorption  Cell  Measurements,"  Rev  Sc i  Instrum,  50:86. 

7.  Fried,  D.  L.,  1966,  "Limiting  Resolution  Looking  Down  Through  the 

Atmosphere,"  J  Opt  Soc  Am,  56:1380. 

8.  Kunkel Kenneth,  et  al ,  1979,  "Atmospheric  Conditions  at  the  High  Energy 

Laser  System  Test  Facility  (HELSTF )  White  Sands  Missile  Range  (WSMR),  New 
Mexico,  August  1977  to  October  1978,  Part  I:  Optical  Turbulence,  Wind, 

Temperature,  Net  Radiation,  and  Synoptic  Weather  Conditions,"  ASL-DR-79-0004, 
US  Army  Atmospheric  Sciences  laboratory.  White  Sands  Missile  Range,  NM. 


18 


DISTRIBUTION  LIST 


Commander 

US  Army  Aviation  Center 
ATTN:  ATZQ-D-MA 
Fort  Rucker,  AL  36362 

John  M.  Hobbie 
rj o  Kentron  International 
?00:  Byrd  Spring  Road 
Huntsville,  AL  35807 

Chief,  Atmospheric  Sciences  Div 

Code  ES-81 

NASA 

Marshall  Space  Flight  Center,  AL  35812 
Commander 

US  Army  Missile  Command 

ATTN:  DRDMI-RRA/Dr.  0.  M.  Essenwanger 

Redstone  Arselal,  AL  35809 

Commander 

US  Army  Missile  Command 
ATTN:  DRSMI-OG  (B.  W.  Fowler) 

Redstone  Arsenal ,  AL  35809 

Commander 

US  Army  Missile  RAD  Command 
ATTN:  DRDMI-TEM  (R.  Haraway) 

Redstone  Arsenal ,  AL  35809 

Redstone  Scientific  Information  Center 
ATTN:  DRSMI-RPRD  (Documents) 

US  Army  Missile  Command 
Redstone  Arsenal ,  AL  358J9 

Commander 
HQ,  Fort  Huachuca 
ATTN.  Tech  Ref  Div 
Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Intelligence 
Center  &  School 
ATTN:  ATS1-CD-MD 
Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Yuma  Proving  Groun-l 
ATTN:  Technical  Library 
Bldg  2105 
Yuma,  AZ  85364 


Dr.  Frank  D.  Eaton 
Geophysical  Institute 
University  of  Alaska 
Fairbanks,  AK  99701 

Naval  Weapons  Center 

Code  3918 

ATTN:  Dr.  A.  Shlarta 
China  Lake,  CA  93555 

Commanding  Officer 

Naval  Envir  Prediction  Rsch  Facilit 

ATTN;  Library 

Monterey,  CA  93940 

Syl vania  Elec  Sys  Western  Div 
ATTN:  Technical  Reports  Lib 
PO  Box  205 

Mountain  View,  CA  94040 

Tetra  Tech  Inc. 

ATTN:  L.  Baboolal 
630  N.  Rosemead  Blvd. 

Pasadena,  CA  91107 

Geophysics  Officer 
PMTC  Code  3250 
Pacific  Missile  Test  Center 
Point  Mugu,  CA  93042 

Commander 

Naval  Ocean  Systems  Center 
(Code  4473) 

ATTN:  Technical  Library 
San  Diego,  CA  92152 

Meteorologist  in  Charge 
Kwajalein  Missile  Range 
PO  Box  67 

APO  San  Francisco,  CA  ''C555 
Di rector 

NOAA/ERL/APCL  R31 
RB3-Room  567 
Boulder,  CO  80302 

Library-R-51-Tech  Reporv: 

NOAA/ERL 

320  S.  Broadway 

Boulder,  CO  80303 


19 


National  Center  for  Atmos  Rsch 
Mesa  Library 
P.  0.  Box  3000 
Boulder,  CO  80307 

Or.  B.  A.  Silverman  D-1200 
Office  of  Atmos  Resources  Management 
Water  and  Power  Resources  Service 
PO  Box  25007 

Denver  Federal  Center,  Bldg.  67 
Denver,  CO  8022 ^ 

Hugh  W.  Albers  (Executive  Secretary) 
CAO  Subcommittee  on  Atmos  Ps:h 
National  Science  Foundation  Room  510 
Washington,  DC  2055 

Or.  Eugene  W.  Bierly 
Director,  Division  of  Atmos  Sciences 
National  Scinece  Foundation 
1800  G  Street,  N.W. 

Washington,  OC  20550 

Commanding  Officer 
Naval  Research  Laboratory 
Code  2627 

Washington,  OC  20375 

Defense  Communications  Agency 
Technical  Library  Center 
Code  222 

Washington,  DC  20305 
Di rector 

Naval  Research  Laboratory 
Code  5530 

Washington,  DC  20375 

Dr.  J.  M.  MacCallum 
Naval  Research  Laboratory 
Code  1409 

Washington,  DC  20375 

HQDA  (DAMI-ISP/H.  Tax) 

Washington,  DC  20314 

HQDA  (DAEN-RDM/Dr.  de  Percin) 
Washington,  DC  20314 

The  Library  of  Congress 
ATTN:  Exchange  &  Gift  Div 
Washington,  DC  20540 
2 


Mil  Asst  for  Atmos  Sc i  Ofc  of 
the  Undersecretary  of  Defense 
for  Rsch  &  Engr/E&LS  -  RM  3D129 
The  Pentagon 
Washington,  DC  20301 

Dr.  John  L.  Walsh 
Code  6534 
Navy  Research  Lab 
Washington, DC  20375 

AFATL/DLODL 
Technical  Library 
Eg! in  AFB ,  FL  32542 

Naval  Training  Equipment  Center 
ATTN:  Technical  Information  Cento 
Orlando,  FL  32813 

Technical  Library 

Chemical  Systems  Laboratory 

Aberdeen  Proving  Ground,  MD  21310 

US  Army  Materiel  Systems 
Analysis  Activity 
ATTN:  DRXSY-MP 
APG,  MD  21005 

Commander 

ERADCOM 

ATTN:  DRDEL-PA/ILS/-ED 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

ERADCOM 

ATTN:  DRDEL-PAO  (M.  Singleton) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

ERADCOM 

ATTN:  DRDEL-ST-T  (Dr.  B.  Zarwyn) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 
02 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-CO 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 


Chief 

Intel  Mat  Dev  A  Spt  Ofc 
A1TN:  DELEW-WL-I 
Bldg  4554 

Fort  George  G.  Mead,  MD  20755 

Acquisitions  Section,  IRDB-D823 
Library  A  Info  Svc  Qiv.  NOAA 
6009  Executive  Blvd. 

Rockville,  MD  20752 

Naval  Surface  Weapons  Center 
White  Oak  Library 
Silver  Spring,  MD  20910 


Commander 

ERADCOM  Scientific  Advisor 

ATTN:  DRDEL-SA 

Fort  Monmouth,  NJ  077C3 

Commander 

ERADCOM  Tech  Support  Activity 

ATTN:  DELSD-L 

Fort  Monmouth,  NJ  07703 

Commander 

HQ,  US  Army  Avionics  RAD  Actv 

ATTN:  DAVAA-0 

Fort  Monmouth,  NJ  07703 


Air  Force  Geophysics  Laboratory 
ATTN:  LCC  (A.  S.  Carten,  Jr.) 
Hanscom  AFB,  MA  01731 

Air  Force  Geophysics  Laboratory 
ATTN:  LYD 

Hanscom  AFB,  MA  01731 

Meteorology  Division 
AFGL/LY 

Hanscom  AFB,  MA  01731 

The  Environmental  Research 
Institute  of  MI 
ATTN:  I R I A  Library 
PO  Box  8618 
Ann  Arbor,  MI  48107 

Mr.  Will iam  A.  Mai n 
USDA  Forest  Service 
1407  S.  Harrison  Road 
East  Lansing,  MI  48823 

Dr.  A.  D.  Belmont 
Research  Division 
PO  Box  1249 
Control  Data  Corp 
Minneapolis,  MN  55440 

Commander 

Naval  Oceanography  Command 
Bay  St.  Louis,  MS  39529 

Commanding  Officer 
US  Army  Armament  RAD  Command 
ATTN;  DRDAR-TSS  Bldg  59 
Dover,  NJ  07801 


Commander 

USA  Elect  Warfare  Lab 
ATTN:  DELEW-DA  (File  Cy) 

Fort  Monmouth,  NJ  07703 

Commander 

US  Army  Electronics  RAD  Command 

ATTN:  DELCS-S 

Fort  Monmouth,  NJ  07703 

Commander 

US  Army  Satellite  Comm  Agency 

ATTN:  DRCPM-SC-3 

Fort  Monmouth,  NJ  07703 

Commander/Director 
US  Army  Combat  Survl  A  Target 
Acquisition  Laboratory 
ATTN:  DELCS-D 
Fort  Monmouth,  NJ  07703 

Di rector 

Night  Vision  A  Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  R.  Buser) 

Fort  Bel  voir,  VA  22060 

Project  Manager 
FIREFINDER/REMBASS 
ATTN:  DRCPM-FFR-TM 
Fort  Monmouth,  NJ  07703 

6585  TG/WE 

Holloman  AFB,  NM  88330 

AFWL/Technical  Library  (SUL) 

Klrtland  AFB,  NM  8711. 

AFWL/WE 

Kirtland,  AFB,  NM  871 V 


TRASANA 

ATTN:  ATAA-SL  (D.  Anguiano) 
WSMR,  NM  88002 


Inge  Dirmhirn,  Professor 
Utah  State  University,  UMC  48 
Logan,  UT  84322 


Commander 

US  Army  White  Sands  Missile  Range 
ATTN:  STEWS-PT-AL 

White  Sands  Missile  Range,  NM  88002 

Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLO  (Bette  Smith) 

Griffiss  AFB,  NY  13241 

Envi ronmental  Protection  Agency 
Meteorology  Laboratory,  MD  80 
Rsch  Triangle  Park,  NC  27711 


US  Army  Research  Office 
ATTN:  ORXRO-PP 
PO  Box  12211 

Rsch  Triangle  Park,  NC  27709 
Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CD-MS  (Mr.  Farmer) 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Si'll,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  Morris  Swett  Library 
Fort  Sill,  OK  73503 

Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-M 

(Mr.  Paul  Carlson) 
Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  MT-DA-L 
Dugway,  UT  84022 


Defense  Technical  Information  Center 
ATTN:  DTIC-DDA-2 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  22314 
12 


Commanding  Officer 

US  Army  Foreign  Sci  &  Tech  Cen 

ATTN:  DRXST-IS1 

220  7th  Street,  NE 

Charlottesville,  VA  22901 

Naval  Surface  Weapons  Center 
Code  G65 

Dahlgren,  VA  22448 
Commander 

US  Army  Night  Vision 
&  Electro-Optics  Lab 
ATTN:  DELNV-D 
Fort  Bel  voir,  VA  22060 


Commander 
USATRADOC 
ATTN:  ATCD-FA 
Fort  Monroe,  VA  23651 

Commander 

USATRADOC 

ATTN:  ATCD-IR 

Fort  Monroe,  VA  23651 


Dept  of  the  Air  Force 
5WW/DN 

Langley  AFB,  VA  23665 

US  Army  Nuclear  &  Cml  Agency 
ATTN:  MONA-WE 
Springfield,  VA  22150 


Director 

US  Army  Signals  Warfare  Lab 
ATTN:  OELSW-OS  (Dr.  Burkhardt) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 


US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-T 

(Dr.  W.  A.  Peterson) 
Dugway,  UT  84022 


Commander 

US  Amiy  Cold  Regions  Test  Cen 
ATTN:  STECR-OP-PM 
APO  Seattle,  WA  98733 


22 


ATMOSPHERIC  SCIENCES  RESEARCH  REPORTS 

1.  Lindberg,  J.  D.  "An  Improvement  to  a  Method  for  Measuring  the  Absorption 

Coefficient  of  Atmospheric  Oust  and  other  Strongly  Absorbing 
Powders,"  ECOM-5565,  July  1975. 

2.  Avara,  Elton  P. ,  “Mesoscale  Wind  Shears  Derived  from  Thermal  Winds," 

ECOM-5566,  July  1975. 

3.  Gomez,  Richard  B. ,  and  Joseph  H.  Pierluissi,  "Incomplete  Gamma  function 

Approximation  for  King's  Strong-Line  Transmi ttance  M?del, 
ECOM-5567 ,  July  1975. 

4.  Blanco,  A.  J. ,  and  B.  F.  Engebos,  "Ballistic  Wind  Weighting  functions  for 

Tank  Projectiles,'1  ECOM-5568,  August  1975. 

5.  Taylor,  Fredrick  J. ,  Jack.  Smith,  and  Thomas  H.  Pries,  "Crosswind 

Measurements  through  Pattern  Recognition  Techniques,"  ECOM-5569, 
July  1975. 

6.  Walters,  D.  L. ,  "Crosswind  Weighting  Functions  for  Direct-Fire 

Projectiles,"  EC0M-5570,  August  1975. 

7.  Duncan,  Louis  D. ,  "An  Improved  Algorithm  for  the  Iterated  Minimal 

Information  Solution  for  Remote  Sounding  of  Temperature,"  ECOM-5571, 
August  1975. 

8.  Robbiani,  Raymond  L. ,  "Tactical  Field  Demonstration  of  Mobile  Weather 

Radar  Set  AN/TPS-41  at  Fort  Rucker,  Alabama,"  ECOM-5572,  August 
1975. 


9.  Miers,  B. ,  G.  Blackman,  D.  Langer,  and  N.  Lorimier,  "Analysis  of  SMS/GOES 

Film  Data,"  ECOM-5573,  September  1975. 

10.  Manquero,  Carlos,  Louis  Duncan,  and  Rufus  Bruce,  "An  Indication  from 

Satellite  Measurements  of  Atmospheric  CO2  Variabil ity,"  EC0M-5574, 
September  1975. 

11.  Petracca,  Carmine,  and  James  D.  Lindberg,  "Installation  and  Operation  of 

an  Atmospheric  Particulate  Collector,"  ECOM-5575,  September  1975. 

12.  Avara,  Elton  P. ,  and  George  Alexander,  "Empirical  Investigation  of  Three 

Iterative  Methods  for  Inverting  the  Radiative  Transfer  Equation," 
E COM-5576,  October  1975. 

13.  Alexander,  George  D.,  "A  Digital  Data  Acquisition  Interface  for  the  SMS 

Direct  Readou-  Ground  Station  -  Concept  and  Preliminary  Design," 
ECOM-5577,  October  1975. 

14.  Cantor,  Israel,  "Enhancement  of  Point  Source  Thermal  Radiat  on  Under 

Clouds  in  a  No-iattenuating  Medium,"  ECOM-5578,  October  ,.975. 


23 


15. 

16. 

17. 

13. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 


Norton,  Colburn,  and  Glenn  Hoidale,  “The  Diurnal  Variation  of  Mixing 

Height  by  Month  over  White  Sands  Missile  Range,  NM,"  ECQM-5579, 
November  1975. 

A vara,  Elton  P. ,  "On  the  Spectrum  Analysis  of  Binary  Data,"  EC0M-5580, 
November  1975. 

Taylor,  Fredrick  J. ,  Thomas  H.  Pries,  and  Chao-Huan  Huang,  "Optimal  Wind 
Velocity  Estimation,"  ECOM-5581,  December  1975. 

Avara,  Elton  P. ,  "Some  Effects  of  Autocorrelated  and  Cross-Correlated 
Noise  on  the  Analysis  yf  Variance,"  ECOM-5582,  December  1975. 

Gillespie,  Patti  s. ,  R.  L.  Armstrong,  and  Kenneth  0.  White,  "Th»  Spectral 
Character!  st  ics  and  Atmospheric  CO9  Absorption  of  the  Ho+^:v  .r  ase1' 
at  2.05um,"  ECOM-5583,  December  1975. 

Novi  an,  David  J.,  "An  Empirical  Method  of  Forecasting  Thunderstorms  ''or 
the  White  Sands  Miss' 1°  Range,"  ECOM-5584,  cebruary  1976. 

Avara,  Elton  P.,  "Randomization  Effects  in  Hypothesis  Testing  with 
Autocorrelated  No’se,"  ECOM-5585,  February  1976. 

Watkins,  Wendell  R.,  "Improvements  in  Long  Path  Absorption  Ce1! 
Measurement,"  EC0M-55P6,  March  1976. 

Thomas,  Joe,  George  D.  Alexander,  and  Marvin  Dubbin,  "SATTEL  -  An  Army 
Dedicated  Meteorological  Telemetry  System,"  EC0M-5587,  March  1976. 

Kennedy,  Bruce  W. ,  and  Delbert  Bynum,  "Army  User  Test  Program  for  the 
RDrSE-XM-75  Meteorol  0'^  cal  Rocket,"  ECOM-5588,  April  1976. 

3arnett,  Kenneth  M. ,  "A  Description  of  the  Artillery  Meteorological 

Comparisons  at  White  Sands  Missile  Range,  October  1974  -  December 
1974  (’PASS’  -  Prototype  Artillery  [Meteorological]  Subsystem)," 
E COM-5589,  April  1976. 

Miller,  Walter  B. ,  "Preliminary  Analysis  of  Fall-of-Shot  From  Project 
’PASS’,"  EC0M-5590,  Al . r i 1  1976. 

Avara,  Elton  P. ,  "Error  Analysis  of  Minimum  Information  and  Smith’s 

Direct  Methods  for  Inverting  the  Radiative  Transfer  Equation," 
ECOM-5591 ,  April  1976. 

Yee,  Young  P.,  James  D.  Horn,  and  George  Alexander,  "Synoptic  Thermal 

Wind  Calculations  from  Radiosonde  Observations  Over  the  Southwestern 
United  States,"  ECOM-5592,  May  1976. 


24 


29.  Duncan,  Louis  D.  ,  and  Mary  Ann  Seagraves,  "Applications  of  Empirical 

Correction,  to  NOAA-4  VTPR  Observations."  E COM-5593,  May  19/,;. 

30.  Miers,  Bruce  T.  and  Steve  Weaver,  "Applications  of  Meteoro’ ogical 

Satellite  fata  to  Weather  Sensitive  Army  Operations,"  FIC0M- 5594 ,  M- 
1976. 


31.  Sharenow,  Moses  "Redesign  and  Improvement  of  Balloon  I1L-566,"  ECO^-5591 
June  1976. 


37.  Hansen,  Frank  V'.,  "The  Depth  of  the  Surface  Boundary  Layer,"  EC0M-5596, 
June  1976. 

33.  Pinnick,  R.  G.  ,  and  E.  8.  Stenmark,  "Response  Calculations  for  a 

Commeri cal  Light-Scattering  Aerosol  Lounter,"  EC0M-5597,  July  1976 

34.  Mason,  J. ,  and  G.  8.  Hoida1?,  "Visibility  as  an  Estimator  of  Infrared 

Transmittance,"  ECOM-5598,  July  1976. 

35.  Bruce,  Rufus  E.  Loirs  D.  Duncan,  and  Joseph  H.  Pierluissi,  “Experiments , 

Study  of  the  Relationship  Between  Radiosonde  Temperatures  a1’-. 
Radiometric-Area  Temperatures,"  ECOM-5599,  August  1976. 

36.  Duncan,  Louis  D.,  "Stratospheric  Wind  Shear  Computed  from  Satellite 

Thermal  Sounder  Measurements,"  EC0M-5800,  September  1976. 

37.  Taylor,  f.,  p.  Mohan,  P.  Joseph,  and  T.  Pries,  "An  All  Digital  Automate 

Wind  Measurement  System,"  EC0M-5801 ,  September  1976. 

33.  Bruce,  Charles,  "Development  of  Spectrophones  for  CW  and  Dulsed  Radiatin' 
Sources,"  LC0M-5802,  September  1976. 

39.  Duncan,  Louis  D.,  and  Mary  Ann  Seagraves,  "Another  Method  for  Estimating 
Cear  Column  Radiances,"  EC0M-5803,  October  1976. 

4(1.  Tlanco,  Abel  J.  and  Larry  E.  Taylor,  "Artillery  Meteorological  Analysi 
of  Project  Pass,"  EC0M-5804,  October  1976. 

41.  Miller,  Walter,  ar.d  Bernard  Engebos,  "A  Mathematical  Structure  for 

Refinement  of  Sound  Ranging  Estimates,"  EC0M-5805,  November  1976. 

42.  Gillespie,  James  B. ,  and  James  D.  Lindberg,  "A  Method  to  Obtain  Diffuse 

Reflectance  "easurements  from  1.0  and  3.0pm  Using  a  Cary  171 
Spectrophotometer,"  EC0M-5806,  November  1976. 

43.  Rubio,  Roberto,  a^-;  Robert  0.  Olsen,  "A  Study  of  the  Effect  of 

Temperature  'ariations  on  Radio  Wave  Absorption."  EC0M-5807, 
November  197f. 


25 


44. 


4b. 


4h. 


48. 

49. 

50. 


51. 


52. 

53. 


54. 


55. 


5b. 


8a1 lard,  Halo’d  N.  ,  "Temperjture  Measurements  in  the  Stratosphere  from 

Ra ! 1 oon-Borne  Instrument  Platforms,  1963-19/5,"  EC0M-5808,  December 
197b. 


Monahan,  H.  M.,  "An  Approach  to  the  Short-Range  Prediction  of  Early 
Morning  Radiat’on  Fog,"  EC0M-58O9,  January  1977. 

Zngebos,  Bernard  Francis,  "Introduction  to  Multiple  State  Multiple  Action 
Decision  Theory  and  Its  Relation  to  Mixing  Structures,"  ECnM-5810, 
-3nuary  I0/  '. 

'.ow ,  R* chard  ?.  H.  ,  of  Cloud  °art ’c’es  on  Remote  Sensing  **0' - 

Space  in  the  ; 0—M- •  -  -eter  Infrared  Rng'on,"  rC0M~5Pll,  'v,  ►  , 
19//. 

Bonner,  Robert  S. ,  and  R.  Newton,  "Application  of  the  AN/GVS-5  Laser 
R anaef’nder  to  r.' r' :X-  .  *se  He’ont  Meas  .mments,"  L COM -581 2,  -ir,  , 
197". 

Rubio,  Roberto,  "Li dar  detection  of  Subv'sible  Reentry  Vehicle  Eros" ve 
Atmosphere  Mdter<  a • ,  .COM-5813,  Merer  1977. 

Low,  Richard  0.  H. ,  and  D.  Horn,  "Mesoscale  Determination  oc  Cloud-”"-' 
Height:  Problems  and  Solutions,"  t COM- 53 14,  March  19/7. 

Duncan,  Louis  D. ,  and  Mary  Ann  Seagraves,  "Evaluation  of  the  NOAA-4  VTDR 
Thermal  W’lnd s  for  Nuclear  Fallout  Predictions,"  E COM- 58 15,  March 
1977. 

Randhawa,  Jau;r  S. ,  M.  Izquierdo,  Carlos  McDonald,  and  Zvi  Sal  peter, 

"Stratospneri’c  Ozone  Density  as  Measured  by  a  Chemiluminescent 
Sensor  Curing  the  St rat com  VI -A  Flight,"  ECOM-5816,  April  1977. 

Rubio,  Roberto,  and  '^ke  Izquierdo,  "Measurements  of  Net  Atmospheric 

Irrad^ance  in  the  0.7-  to  2.8-Micrometer  Infrared  Region," 

ECOM-551 7,  May  1977. 

3a 1 1  arc! ,  Harold  N. ,  Jose  M.  Serna,  and  Frank  P.  Hudson,  Consultant  for 

Chemical  K-'netics,  "Calculation  of  Selected  Atmospheric  Composition 
Parameters  for  the  Mid-Latitude,  September  Stratosphere,"  ECOM-5318, 

May  197”7. 

Mitchell,  J.  D. ,  R.  S.  Sagar,  and  R.  0.  Olsen,  "Positive  Ions  in  the 
MidcPe  Atmosphere  During  Sunrise  Conditions,"  ECOM-5819,  May  1977. 

White,  Kenneth  0.,  Wendell  R.  Watkins,  Stuart  A.  Schleusener,  and  Ronald 
L.  Johnson,  "Solid-State  Laser  Wavelength  Identification  Using  a 
Reference  Absorber,"  EC0M-5820,  June  1977. 


57.  Watkins,  Wendell  R. ,  and  Richard  G.  Dixon,  "Automation  of  Long-Path 
Absorption  Cell  Measurements,"  ECOM-5821,  June  1977. 


58.  Taylor,  S.  E.,  d.  M.  Davis,  and  J.  B.  Mason,  "Analysis  of  Observed  Soi ! 

Skin  Moistu-e  Effects  on  Reflectance,"  ECOM-5822,  dune  1977. 

59.  Duncan,  Louis  D. ,  and  Mary  Ann  Seagraves,  "Fallout  Predictions  Computed 

from  Satellite  Derived  Winds,"  EC0M-5823,  dune  1977. 

60.  Snider,  D.  E. ,  r  G.  Murcray,  F.  H.  Murcray,  and  W.  J.  Williams, 

"Investigation  of  High-Altitude  Enhanced  Infrared  Rackroun.. 
Emissions,"  (U),  SECRET,  ECOM-5824,  June  1977. 

61.  Dubbin,  Marvin  and  Dennis  Hall,  "Synchronous  Meteorological  Satellite 

Direct  idout  Ground  System  Digital  Video  Electronics,"  ECOM-5825, 
June  1977. 

62.  Miller,  VI.,  and  B.  Engebos,  "A  Preliminary  Analysis  of  Two  Sound  Ranging 

Algorithms,  ECO^-5826,  July  1977. 

63.  Kennedy,  Bruce  W. ,  and  James  K.  Luers,  "Ballistic  Sphere  Techniques  for 

Measuring  Atmospneric  Parameters,"  EC0M-5827,  July  1977. 

64.  Duncan,  Louis  D. ,  "Zenith  Angle  Variation  of  Satellite  Therma1  Sounder 

Measurements,"  ECOM-5828,  August  1977. 

65.  Hansen,  Frank  V.,  "The  Critical  Richardson  Number,"  ECOM-5829,  September 

1977. 

66.  Ballar-i,  Harold  N. ,  and  Frank  P.  Hudson  (Compilers),  "Stratospheric 

'/  .’position  Balloon-Borne  Experiment.,"  cC0M-5830,  October  1977. 

67.  Barr,  w 1 1 :am  C. ,  and  Arnold  C.  Peterson,  "W:nd  Measuring  Accuracy  Test 

o*  l.eteo-qlogi cal  Systems,"  ECOM-5831,  November  1977. 

08.  ’/’f’d up,  G.  A.,  and  F.  V.  Hansen,  "Atmospheric  Diffusion:  Similarity 

rC.ej'ry  and  Empirical  Derivations  or  Use  in  Boundary  Laver  Diffusion 
Or  oh  lens,’'  'COM-5832,  No .  ..  .iber  1977 

69.  Low,  Ri-  nard  D.  "The  Internal  Cloud  Radiation  Field  and  a  Technique 
for  Determining  Cloud  Slackness, "  ELOM-5833,  December  3  977. 

’o  Watk: *.  ,  Wendell  R . ,  Kenneth  0.  White,  Charles  W.  3ruce,  Donald  L. 

Walters,  and  James  D.  Lindberg,  "Measurements  Required  for 
Prediction  ov  High  Energy  1 aspr  Transmission,"  EC0M~r334,  December 
••977. 

71.  Rcbio,  Robert,  "Investigation  of  Abrupt  Decreases  in  Atmospherically 

Backscatterec  aser  Energy’,"  ECOM-5835,  December  1977. 

72.  Monahan,  H.  H. ,  and  P.  M.  Cionco,  "An  Interpretative  Review  of  Existing 

Capabilities  for  Measuring  and  Forecasting  Sel*  'ted  Weather 
Variables  (Empnasizing  Remote  Means),'  ASL-TR-0001,  January  1978. 


27 


73.  Heaps,  Melvin  G.  ,  "The  1979  Solar  Eclipse  and  Validation  of  3-Region 

Models,"  ASL -TR-0002,  March  1978. 

74.  Jennings,  S.  G. ,  and  J.  B.  Gillespie,  "M.I.E.  Theory  Sensitivity  Studies 

The  Effects  of  Aerosol  Complex  Refractive  Index  and  Size 
Distribution  Variations  on  Extinction  and  Absorption  Coefficients, 
Part  II:  Analysis  of  the  Computational  Results,"  ASL-TR-0003,  March 
1978. 

75.  White,  Kenneth  0.,  et  al ,  "Water  Vapor  Continuum  Absorption  in  the  3. Sum 

to  4.0um  Region,"  ASL -TR -0004,  March  1978. 

76.  Olsen,  Robert  0.,  and  Bruce  W.  Kennedy,  "ABRES  Pretest  Atmosoher  : 

Measurements,'  ASw-TR-0305,  Apr’l  1978. 

77.  Ballard,  Harold  N. ,  Jose  Serna,  and  Frank  P.  Hudson,  "Calculat’ on  pt 

Atmospheric  Compos ’ t ' on  in  the  High  Latitude  September 
Stratosphere,"  ASL-T9-1'006,  May  1978. 

73.  Watkins,  Wendell  R.,  et  a’,  "Water  Vapor  Absorption  Coefficients  at  ,jr 
Laser  Wavelengths,"  ASL -TR -0007,  May  1978. 

79.  Hansen,  Frank  V.,  "The  Growth  and  Prediction  of  Nocturnal  Inversions," 
ASL-TR-0008,  May  1973. 

30.  Samuel,  Christine,  Charles  Bruce,  and  Ralph  Brewer,  "Spectrophone 

Analysis  of  Gas  Samp’es  Obtained  at  Field  Site,"  ASL-TR-0009,  June 
1978. 


81.  Dinnick,  R.  G. ,  et  al.,  "Vertical  Structure  in  Atmospheric  Fog  and  Haze 
and  its  Effects  on  IR  Extinction,"  ASL-TR-0010,  July  1978. 

32.  Low,  Richard  0.  H. ,  Louis  0.  Duncan,  and  Richard  B.  Gomez,  "The 

Microphysical  Basis  of  Fog  Optical  Characterization,"  ASL-TR-0011, 
August  1978. 

83.  Heaps,  Melvin  G. ,  "The  Effect  of  a  Solar  Proton  Event  on  the  Minor 

Neutral  Constituents  of  the  Summer  Polar  Mesosphere,"  ASL-TR-0012, 
August  1978. 

84.  Mason,  James  B. ,  "Light  Attenuation  in  Falling  Snow,"  ASL-TR-0013,  August 

1978. 


35.  Blanco,  Abel  J.,  "Long-Range  Artillery  Sound  Ranging:  ‘PASS’  Meteorolog¬ 
ical  Application,"  ASL-TR-0014,  September  1978. 

86.  Heaps,  M.  G. ,  and  F.  E.  Niles,  "Modeling  of  Ion  Chemistry  of  the 

0-Region:  A  Case  Study  Based  Upon  the  1966  Total  Solar  Eclipse," 
ASL-TR-0015,  September  1978. 


28 


87.  Jennings,  S.  G. ,  and  R.  G.  Pinnick,  "Effects  of  Particulate  Complex 

Refractive  Index  and  Particle  Size  Distribution  Variations  on 
Atmospheric  Extinction  and  Absorption  for  Visible  '"hrough 
Middle-Inf'-  >red  Wavelengths,"  ASL-TR-0QI6,  September  1973. 

88.  Watkins,  Wendell  R. ,  Kenneth  0.  White,  Lanny  R.  Bower,  and  Brian  Z. 

Sojka,  "Pressure  Dependence  of  the  Water  Vapor  Continuum  Absorptior 
in  the  3.5-  to  4.0-Micrometer  Region,"  ASL-TR-0017,  September  1973. 

89.  Miller,  W.  B.,  and  B.  F.  Engebos,  "Behavior  of  Four  Sound  Ranging 

Techniques  in  an  Idealized  Physical  Environment,"  ASL-TR-0013, 
September  1978. 

90.  Gomez,  Richard  G. ,  "Effectiveness  Studies  of  the  CBU-88/B  Bomb,  Cluster, 

Smoke  Weapon,"  (U),  CONFIDENTIAL  ASL-TR-0019,  September  1973. 

91.  Miller,  August,  Richard  C.  Shirkey,  and  Mary  Ann  Seagraves,  "Calculation 

of  Thermal  Emission  from  Aerosols  Using  the  Doubling  Technique," 
ASL-TR-0020,  November  1978. 

92.  Lindberg,  James  0.,  et  al ,  "Measured  Effects  of  Battlefield  Dust  and 

Smoke  on  Visible,  Infrared,  and  Millimeter  Wavelengths 
Propagation:  A  Preliminary  Report  on  Dusty  Infrared  Test-! 

(DIRT-I ) , "  ASL-TR-0021,  January  1979. 

93.  Kennedy,  Bruce  W. ,  Arthur  Kinghorn,  and  B.  R.  Hixon,  "Engineering  Flight 

Tests  of  Range  Meteorological  Sounding  System  Radiosonde,' 

ASL-TR-0022,  February  1979. 

94.  Rubio,  Roberto,  and  Don  Hoock,  "Microwave  Effective  Earth  Radius  Factor 

Variability  at  Wiesbaden  and  Balboa,"  ASL-TR-0023,  February  1979. 

95.  Low,  Richard  D.  H. ,  "A  Theoretical  Investigation  of  Cloud/Fog  Optical 

Properties  and  Their  Spectral  Correlations,  "ASL-TR-0024,  February 
1979. 

96.  Pinnick,  R.  G. ,  and  H.  J.  Auvermann,  "Response  Characteristics  of 

Knollenberg  Light-Scattering  Aerosol  Counters,"  ASL-TR-0025, 
February  1979. 

97.  Heaps,  Melvin  G. ,  Robert  0.  Olsen,  and  Warren  W.  Berning,  "Solar  Eclipse 

1979,  Atmospheric  Sciences  Laboratory  Program  Overview," 
ASL-TR-0026,  February  1979. 

98.  Blanco,  Abel  J.,  "Long-Range  Artillery  Sound  Ranging:  ‘PASS'  GR-8  Sound 

Ranging  Data,"  ASL-TR-0027,  March  1979. 

99.  Kennedy,  Bruce  W. ,  and  Jose  M.  Serna,  "Meteorological  Rocket  Network 

System  Reliability,"  ASL-TR-0028,  March  1979. 


29 


100.  Swingle,  Donald  V.,  "Effects  of  Arrival  Time  Errors  in  Weighted  Range 

Equation  Solutions  for  Linear  Base  Sound  Ranging,"  ASL-TR-0029, 
April  1979. 

101.  'Jmstead,  Robert  K. ,  Ricardo  Pena,  and  Frank  V.  Hansen,  "KWIK:  An 

Algorithm  for  Calculating  Munition  Expenditures  for  Smoke 
Screening/Obscuration  in  Tactical  Situations,"  ASL-TR-0030,  Apr;l 
1979. 

102.  D'Arcy,  Edward  M. ,  “Accuracy  Validation  of  the  Modified  Nike  Hercules 

Radar,"  ASL-TR-0031,  May  1979. 

103.  Rodriguez,  Ruben,  "Evaluation  of  the  Passive  Remote  Crosswind  Sensor,' 

ASL-TR-0032,  May  1979. 

104.  Barber,  T.  L. ,  and  P.  Rodriguez,  "Transit  Time  Lidar  Measurement  c* 

Near-Surface  Winds  in  foe  Atmosphere,"  ASL-TR-0033,  May  1979, 

105.  Low,  Richard  D.  H. ,  Louis  D.  Duncan,  and  Y.  Y.  Roger  R.  Hsiao,  "Micro¬ 

physical  and  Optical  Properties  of  California  Coastal  Fogs  af 
Ord,"  ASL-TR-0034,  June  1979. 

106.  Rodriguez,  Ruben,  and  William.).  Vechione,  "Evaluation  of  the  Saturation 

Resistant  Crosswind  Sensor,"  ASL-TR-0035,  July  1979. 

107.  Ohmstede,  William  D. ,  "the  Dynamics  of  Material  Layers,"  ASL-TR-D036, 

July  1979. 

108.  pinnick,  R.  6.,  S.  G.  Jennings,  Petr  Chylek,  and  H.  J.  Auvermann, 

"Relationships  between  IR  Extinction  Absorption,  and  Liquid  Water 
Content  of  Fogs,"  ASL-TR-0037,  August  1979. 

109.  Rodriguez,  Ruben,  and  William  J.  Vechione,  "Performance  Evaluation  of 

the  Optical  Crosswind  Profiler,"  ASL-TR-0038,  August  1979. 

110.  Miers,  Bruce  T.,  "Precipitation  Estimation  Using  Satellite  Data," 

ASL-TR-0039,  September  1979. 

111.  Dickson,  David  H. ,  and  Charles  M.  Sonnenschei n,  "Helicopter  Remote  Wind 

Sensor  System  Description,"  ASl-TR-0040,  September  1979. 

112.  Heaps,  Melvin  G. ,  and  Joseph  M.  Heimerl,  "Validation  of  the  Dairchem 

Code,  I:  Quiet  Midlatitude  Conditions,"  ASL-TR-0041,  September 
1979. 

113.  Bonner,  Robert  S. ,  and  William  J.  Lentz,  "The  Vis’'oceilometer :  A 

Portable  Cloud  Height  and  Visibility  Indicator,"  ASL-TR-0042, 
October  1979. 

114.  Cohn,  Stephen  L. ,  "The  Role  of  Atmospheric  Sulfates  in  Battlefield 

Obscurations,"  ASL-TR-0043,  October  1979. 


30 


115.  Fawbush,  E.  J.,  et  al ,  "Characterization  of  Atmospheric  Conditions  at 

the  High  Energy  Laser  System  Test  Facility  (HEtSTF),  White  Sands 
Missile  Range,  New  Mexico,  Part  I,  24  March  to  8  April  1977," 
ASL-TR-0044,  November  1979. 

116.  Barber,  Ted  L. ,  "Short-Time  Mass  Variation  in  Natural  Atmospheric  Oust, 

ASL-TR-0045  November  1979. 

117.  low,  Richard  D.  H. ,  "Fog  Evolution  in  the  Visible  and  Infrared  Spectra1 

Regions  and  its  Meaning  in  Optical  Modeling,"  ASL-TR-0046,  December 

1979. 

118.  Duncan,  Louis  0.,  et  al ,  "The  Electro-Optical  Systems  Atmospheric 

Effects  Library,  Volume  I:  Technical  Documentation,"  ASL-TR-004I, 
December  1979. 

119.  Shirkey,  R.  C. ,  et  al ,  "Interim  E-0  SAEL,  Volume  II,  Users  Manual," 

ASL-TR-0048,  December  1979. 

120.  Kobayashi,  H.  K. ,  "Atmospheric  Effects  on  Millimeter  Radio  Waves," 

ASL-TR-0049,  January  1980. 

121.  Seagraves,  Mary  Ann,  and  Louis  D.  Duncan,  "An  Ana^sis  of  Transmittance-: 

Measured  Through  Battlefield  Dust  Clouds,"  ASL-TR-0050,  February 

1980. 

122.  Dickson,  David  H. ,  and  Jon  E.  Ottesen,  "Helicopter  Remote  Wind  Sensor 

Flight  Test,"  ASL-TR-0051,  February  1980. 

123.  Pinnick,  R.  G. ,  and  S.  G.  Jennings,  "Relationships  Between  Radiative 

Properties  and  Mass  Content  of  Phosphoric  Acid,  HC,  Petroleum  Oil, 
and  Sulfuric  Acid  Military  Smokes,"  ASL-TR-0052,  April  1980. 

124.  Hinds,  B.  0.,  and  J.  B.  Gillespie,  "Optical  Characterization  of 

Atmospheric  Particulates  on  San  Nicolas  Island,  California,' 
ASL-TR-0053,  April  1980. 

125.  Miers,  Bruce  T. ,  "Precipitation  Estimation  for  Military  Hydrology," 

ASL-TR-0054,  April  1980. 

126.  Stenmark,  Ernest  B. ,  "Objective  Quality  Control  of  Artillery  Computer 

Meteorological  Messages,"  ASL-TR-0055,  April  1980. 

127.  Duncan,  Louis  0.,  and  Richard  D.  H.  Low,  “Bimodal  Size  Distribution 

Models  for  Fogs  at  Meppen,  Germany,"  ASL-TR-0056,  April  1980. 

128.  Olsen,  Robert  0.,  and  Jagir  S.  Randhawa,  "The  Influence  of  Atmospheric 

Dynamics  on  Ozone  and  Temperature  Structure,"  ASL-TR-0057,  May  1980. 


31 


129.  Kennedy,  8ruce  W. ,  et  a! ,  "Dusty  Infrared  Test-!'  (DIRT-JI)  Program," 

ASL-TR-0058,  May  1980. 

130.  Heaps,  Melvin  G. ,  Robert  0.  Olsen,  Warren  Reining,  John  Cross,  and 

Arthur  Gilcrease,  "1979  Solar  Eclipse,  Part  I  -  Atmospheric  Sciences 
Laboratory  Held  Program  Summary,"  ASL-TR-0059,  May  1980 

131.  Miller,  Walter  B.,  "User's  Guide  for  Passive  Target  Acquisition  Program 

Two  (PTA P-2),"  ASL-TR -0060,  June  1980. 

132.  Holt,  E.  H.,  editor,  "Atmospheric  Data  Requ i renei"iH  ^or  Battle^  e’d 

Obscuration  Applications,"  ASL-TR-0061,  June  1980. 

133.  Shirkey,  Richard  C.,  -".jgost  Miller,  George  h.  Goed°cke,  and  vugH  ’  , 

"Single  Scattering  Code  AGAUSX:  Theory,  Applications,  Comparison', 
and  Listing,"  ASL >9-0082,  July  1980. 

134.  Sojka ,  Brian  Z. ,  and  KennetH  0.  White,  "EvaHation  of  Specialized 

Photoacoustic  Absorption  Chambers  for  Near-Millimeter  Wave  (NMMV) 
Propagation  Meas  iremeoH,”  ASL-TR-0063,  August  1980. 

135.  Bruce,  Charles  W.,  vourg  Paul  Yee,  and  S.  G.  Jennings,  "in  Situ 

Measurement  of  tie  Ratio  of  Aerosol  Absorption  to  Extinct.  0" 
Coefficient,"  ASL -TR-0J64,  August  1980. 

136.  Yee,  Young  Paul,  Charles  W.  Bruce,  and  Ralph  J.  Brewer, 

“Gaseous/Parti cu late  Absorption  Studies  at  WSMR  using  Laser  Sourced 
Spectrophones,"  ASL-H-0065,  June  1980. 

137.  Lindberg,  James  0.,  Radon  B.  Loveland,  Melvin  Heaps,  James  8.  Gillespie, 

and  Andrew  F.  Lewis,  "Battlefield  Dust  and  Atmospheric 

Characterization  Measurements  During  West  German  Summertime 
Conditions  in  Support  of  Grafenwohr  Tests,"  ASL-TR-0066,  September 
1980. 

138.  Vechione,  W.  J.,  "Evaluation  of  the  Environmental  Instruments, 

Incorporated  Series  200  Dual  Component  Wind  Set,"  ASL-TR-0067, 
September  1980. 

139.  Bruce,  C.  W. ,  Y.  P.  Yee,  B.  0.  Hinds,  R.  G.  Pinnick,  R.  J.  Brewer,  and 

J.  Minjares,  "Initial  Field  Measurements  of  Atmospheric  Absorption 
at  9um  to  llym  Wavelengths,"  ASL-TR-0068,  October  1980. 

140.  Heaps,  M.  G.,  R.  0.  Olsen,  K.  D.  Baker,  D.  A.  Burt,  L.  C.  Hewlett,  L.  L. 

Jensen,  E.  F.  Pound,  and  G.  D.  Allred,  "1979  Solar  Eclipse:  Part  II 

Initial  Results  for  Ionization  Sources,  Electron  Density,  and  Minor 
Neutral  Constituents,"  ASL-TR-0069,  October  1980. 

141.  Low,  Richard  0.  H.,  "One-Dimensional  Cloud  Microphysical  Models  for 

Central  Europe  and  their  Optical  Properties,"  ASL-TR-0C70,  October 
1980. 


32 


142.  Duncan,  Louis  0.,  James  D.  Lindberg,  and  Radon  B.  Loveland,  "An 

Empirical  Model  of  the  Vertical  Structure  of  German  fogs," 
ASL-TR-0071.  November  1980. 

143.  Duncan,  Louis  D  ,  1981,  "EOSAEL  80,  Volume  I,  Technical  Doc jmentation," 

ASL-TR-0072  January  1981. 

144.  Shirkey,  R.  C. ,  and  S.  G.  O'Brien,  "EOSAEL  80,  Volume  II,  Users  Manual,' 

ASL-TR-0073,  January  1981. 

145.  Bruce,  C.  W. ,  “Characterizat ion  of  Aerosol  Nonlinear  Effects  on  a 

High-Power  CO2  Laser  Beam,"  ASL-TR-0074,  February  1981. 

146.  Duncan,  Louis  0.,  and  James  D.  Lindberg,  "Air  Mass  Considerations  in  Fc. 

Optical  Modeling,"  ASL-i‘R-0075,  February  1981. 

147.  Kunkel ,  Kenneth  E. ,  "Evaluation  of  a  Tethered  Kite  Anemometer," 

ASL-TR-0075,  February  1981. 

148.  Kunkel,  K.  E. ,  et  al ,  "Characterization  of  Atmospheric  Conditions  at  the 

High  Energy  Laser  System  Test  Facility  (HELSTF)  White  Sands  Missile 
Range,  New  Mexico,  August  197?  to  October  1978,  Part  II,  Optical 
Turbulence,  Wind,  Water  Vapor  Pressure,  Temperature,"  ASL-TR-0077, 
February  1981. 

149.  Miers,  Bruce  T.  ,  "Weather  Scenarios  for  Central  Germany,"  ASL -"’P -0078, 

February  1981. 

150.  Conan,  James  L. ,  "Sensitivity  Analysis  of  a  Mesoscale  Moisture  Model," 

5L-TR-0079,  March  1981. 

151.  Brewer,  R.  J.,  C.  W.  Bruce,  and  J.  L.  Mater,  "Optoacoustic  Spectroscopy 

of  C2H*  at  the  9ym  and  10utn  CI20*1S  Laser  Wavelengths,"  ASL-TR-0080, 
March  1981. 

152.  Swingle,  Donald  M. ,  "Reducible  Errors  in  the  Artillery  Sound  Ranging 

Solution,  ?a»’t  I:  The  Curvature  Correction"  (U),  SECRET, 

ASL-TR-0081 ,  April  1981. 

153.  Miller,  Walter  B.,  "The  Existence  and  Implications  of  a  Fundamental 

System  of  Linear  Eguations  in  Sound  Ranging"  (U),  SECRET, 
ASL-TR-0082,  April  1981. 

154.  Bruce,  Dorothy,  Charles  W.  Bruce,  and  Young  Paul  Yee,  "Experimentally 

Determined  Relationship  Between  Extinction  and  liquid  Water 
Content,"  ASL  R-0083,  April  1981. 

155.  Seagraves,  Mary  Ann,  "Visible  and  Infrared  Obscuration  Effects  of  Ice 

Fog,"  ASL -TR -0084,  May  1981. 


33 


156.  Watkins,  Wendell  R. ,  and  Kenneth  0.  White,  "Wedge  Absorption  Remote 

Sensor,"  ASL-TR-0085,  May  1981. 

157.  Watkins,  Wendell  R. ,  Kenneth  0.  White,  and  Laura  J.  Crow,  "Turbulence 

Effects  on  Open  Air  Multipaths,"  ASL-TR-0036,  May  1981. 


34 


